In this paper, a novel method is proposed to produce MnO/carbon composites, in which the MnO nanoparticles were embedded into a porous carbon matrix, by a single-step nitrate-cellulose combustion synthesis. The composition, structure and morphology of the composites were characterized by X-ray diffraction, Raman spectroscopy, X-ray photoelectron spectroscopy, thermogravimetric analysis, and scanning/transmission electron microscopy. The composites were used as lithium ion battery anodes to evaluate their electrochemical properties.
Introduction
Lithium ion batteries (LIBs) have been considered as one of the most promising power sources for application in mobile electronic devices and electric vehicles (EVs) because of their attractive high energy density and long life span. [1, 2] On the basis of a unique conversion reaction mechanism and high theoretical capacities (> 700 mA h g ), low cost, environmental benignity, and abundant resources of manganese.
However, practical application of pure MnO is still limited due to its low rate capability arising from the poor electrical conductivity and rapid capacity fading because of severe particle agglomeration and drastic volume changes over cycling. [3] [4] [5] [6] [7] [8] [9] [10] To date, a number of efforts have been devoted to solve these problems. One effective strategy is to synthesize nanosized MnO, such as nanoparticles [11] and porous nanoflakes [12] , to shorten the diffusion distance for electrons and lithium ions. Another efficient strategy is to construct nanocomposites with carbon materials such as carbon nanotube [13] , carbon nanofiber [14, 15] , and graphene [16, 17] , which act as both a volume buffer to absorb the internal stress and a conductive network to increase electron and ion transport in the electrode.
To produce a carbon related composite, most of the carbon sources are derived from fossil fuel precursors such as coal, petroleum and natural gas, which are non-renewable resources.
Cellulose is one of the most abundant and sustainable biomass materials in nature, which is an important structural component of the primary cell wall of green plants such as cotton and wood, making it a promising raw material for the fabrication of carbon related materials. [18] [19] [20] Combustion synthesis (CS) is a low-cost and energy-efficient method to prepare a broad range of materials such as ceramics, intermetallics and composites. CS is based on a highly exothermic, self-sustaining reaction generated by heating/igniting a redox mixture of oxidant and reductant. [21] [22] [23] [24] Among various kinds of CS, solution combustion synthesis (SCS) is performed by heating a solution mixture of aqueous metal nitrates and organic fuels. Oxidizers are selected from metal nitrates since nitrates are water soluble and efficient oxidizers, whereas the fuel is ideally a substance containing carboxylic and amine groups such as urea, glycine, and hydrazides. [23] [24] [25] [26] [27] [28] Cellulose is a kind of polysaccharide, which has a distinctive fiber morphology. In addition, cellulose is composed of microfibrils, which are 10-30 nm in width and have a surface area of 30-55 m 2 g -1
, making it a good absorbent for metal salts. [19, 29] Therefore, cellulose can be used as a solid fuel with absorption of metal nitrates to initiate a combustion synthesis similar to SCS.
In this study, we present a facile one-step cellulose-based combustion synthesis method to directly produce MnO nanoparticles that are incorporated in porous carbon matrix. This synthesis route is suitable for large-scale production and the obtained samples exhibit enhanced electrochemical performance.
Experimental
In the experiment, 5, 7.5, and 10 mmol manganese nitrate were dissolved in 6 ml distilled water to form homogenous solutions, respectively. The above solutions were absorbed with 1 g commercially available dewaxed cottons, respectively. Subsequently, the wet cottons were dried 
Results and Discussion

Materials characterization
The phase, structure, and composition properties of the samples were characterized by XRD, Raman, and XPS techniques. Figure 1 shows the XRD patterns of the samples after a single step of combustion synthesis. All samples present a single phase of MnO (JCPDS no.
07-0230). The XRD peaks exhibit increasing intensity with the increasing amount of manganese precursor. The morphology and structural observation were further investigated using SEM and TEM. . The TG profiles are presented in Figure   5 . The MnO/carbon composites were oxidized to form Mn 2 O 3 and CO 2 gas based on the following reactions:
Assuming that the carbon ratio in the composite is x (0 < x < 1), then the MnO ratio is (1-x) . Therefore, we can obtain the following equation:
Here, N (0 < N < 
Electrochemical performance
The electrochemical properties of the synthesized samples were characterized by galvanostatic discharge/charge cycling test and CV measurement. The galvanostatic discharge/charge cycling was first tested at a constant current rate of 0. layer. [34] [35] [36] However, from the second cycle, the efficiencies are increased to higher than 90% and stabilized at around 99% after a few cycles. The capacities for samples Mn7.5 and Mn10
show continuous decrease as cycle number, and after 90 cycles the discharge capacities are 345
and 258 mAh g -1
, respectively. In contrast, the cycling performance for sample Mn5 is the most stable; the discharge capacity is slightly decreased from 636 mAh g -1 at the 2nd cycle to 520 mAh g -1 at the 15th cycle and subsequently the capacity is increased and stabilized at around 565 mAh g The enhanced lithium storage performance of the MnO/C composite could be attributed to the following aspects. First, the cotton-derived carbon matrix effectively enhances the electrical conductivity of MnO for the rapid electrochemical reactions, therefore leading to good rate capability. Secondly, the fine MnO nanocrystals as dispersed in carbon matrix provide short pathways for fast lithium ions insertion/extraction. Third, the porous structure could make a good contact between the porous MnO/C composite and the electrolyte, and further facilitate the transportation of lithium ions. In addition, the porous structure could accommodate the volume changes during repeated lithiation/de-lithiation process. All of these contribute to the enhanced cyclability and rate capability of the MnO/C composite with a proper amount of carbon matrix.
Conclusion
In summary, MnO/carbon composites with different amounts of carbon were prepared by a single-step nitrate-cellulose combustion synthesis. The ultrafine MnO nanoparticles of about 5 nm were uniformly incorporated in the porous carbon matrix. This compositing structure and the strong synergistic effect between the MnO nanoparticles and the porous carbon matrix led to a high discharge capacity, a good cycling stability and enhanced rate performance for LIB anodes. The composite could deliver a specific capacity of 561 mAh g -1 after 90 cycles at a current density of 0.2 A g 
